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SUMMARY

I. Title

Enhancement of functionalities and storabilities of rice by coating with rice

bran protein

II. Objectives and Importances

Rice is one of the cereals with poor storagability causing quality and
flavor deteriorations, and thus is difficult in long-term storage. One of the
reasons for quality deterioration is off-flavor caused by lipid oxidation mainly
due to the contact of cereals with oxygen or moisture. Therefore, cereals
should be stored suppressing the contact with oxygen or moisture. Presently
papers and polyvinyl are mainly used for rice package to protect from
moisture, however, the attempts to replace them with edible protein films are
being made because of the environmental pollutions.

The resources of rice-coating protein should be of low cost and familiar with
consumers. Consequently, rice bran is considered suitable for rice—coating
protein, which is being wasted as animal feeds for about 500,000 ton per year
in Korea. However, the researches on the functionalities and film—forming
propertied of rice bran protein were not widely conducted. Rice bran proteins
are mainly composed of water—insoluble glutenin and gliadin, of poor
extractability and functional properties, high susceptibility to microbial
spoilages, and thus, not widely used as a food ingredient. Bacteriocin is
considered suitable to solve this bacterial problem although its utilization for
food uses still has economic problem in purification. In addition, rice bran
contains small amount of isoflavone and continuous intake of it would be

good for health. However, the amount of isoflavone contained in rice bran is



too small to have anticancer effect. Thus, addition of soybean isoflavone to
daily—intake rice is necessary.

Therefore, this study was conducted to produce the highly storable and
nutraceutical rice coated with rice bran protein containing bacteriocin and

soybean isoflavone.

M. Contents and Scope

The conditions for rice bran protein extraction were optimized, the proper
plasticizer was selected and rice bran protein was chemically modified to
enhance the yield of protein extraction, protein functionalities, and oxygen and
moisture permeabilities and physical properties of rice bran protein film. In
order to storability of rice bran coat, the bacteriocin—producing bacteria
incubatable in defatted rice bran medium was selected and incubated in the
defatted rice bran. Rice bran protein was aqueously extracted from the
defatted rice bran containg bacteriocin produced previously. The conditions for
the protein extraction and film forming processes were optimized to maintain
the activity of bacteriocin. Isoflavone present in defatted soy flour was
economically extracted and added to the extracted rice bran protein solution
to produce rice-coating solution. In addition, the protein in the ice-coating
solution was chemically modified to improve the physical properties of coat.
Rices were coated with the rice-coating solution to produce coated rice
having improved nutraceutical properties and storability, stored for 8 weeks

and analyzed for the quality changes.

IV. Results and Suggestion

The highest protein extractability was achieved by using 109 ethanol as a

solvent at pH 9 with succinylation of rice bran protein. However, rice bran



protein was aqueously extracted to produce the rice—coating solution, only
using 10% ethanol by 5 folds of rice bran amount for 3 hrs without
succinylation, because the succinylation could not improve the physical
properties of the coat.

In order to assay the properties of coat, rice bran protein film was produced
to assay the film properties before the production of coated rice. The films
produced with the modified proteins were thicker than that with unmodified
protein. The films containing 2% glycerol and 2% sorbitol as a plasticizer,
have the lowest moisture permeability, and that containg 1.0% acetic
anhydride, 0.1% phosphoric acid and 1.0% succinic anhydride in a sequence.
The films produced from chemically modified rice bran proteins showed lower
oxygen transmission rates than those produced from unmodified proteins. The
acetylated protein film showed the lowest oxygen transmission rate, and
succinylated and phophorylated filmes in a sequence. The film produced from
the phosphorylated rice bran protein had the highest tensil strength and the
application of sorbitol as a plasticizer increased the strength more than
glycerol. In contrast, glycerol increased % elongation higher than sorbitol,
however, the protein modifications could not influence the 9% elongations of
the films.

Isoflavone was extracted from defatted soy flour, the by-product of soybean
oil production, by single methanol extraction, in order to fortify the coated
rice economically. The isoflavone extract was dissolved in the ethanol(1:5,
v:v) which was to be used as a solvent of rice bran protein extraction, and
thus, added to the coating solution. When rice was coated with the coating
solution containg soy isoflavone, 2.26 g of soy isoflavone was detected in 1
kg of the coated rice.

Bacteriocin was attempted to apply to the films to prolong the shelf lifes of
protein films. Pseudomonas putida 21025 was cultivated from rice bran and
identified as a producer of a bacteriocin. The bacteriocin produced by
Pseudomonas putida 21025 showed a broad spectrum of activity against

spoilage and soil bacteria. The activity of the bacteriocin produced by



Pseudomonas putida 21025 was stable throughout the pH ranges of 6-9 for 2
hrs, at the temperature lower than 50C, and with the presence of ethanol for
3 hrs. Therefore the coating solution was extracted from the Pseudomonas
putida 21025-incubated defatted rice bran at pH 9.0 within 1 hr, and heated
at 80C for 2min. The bacteriocin was partially purified by 50% ammonium
sulfate precipitation followed by subsequent dialysis. Direct detection of the
partially purified bacteriocin on SDS-PAGE suggested that it had an apparent
molecular mass of about 21.6 kDa. The amount of amino type nitrogen was
much lower in the film containing the bacteriocin than that without
bacteriocin, implying higher storability of the film containing the bacteriocin.
In order to coat rices, the resulting coating solution containing bacteriocin and
soy isoflavone was sprayed on the rices, and dried in the pilot-plant scale
drier at 35C for 1 hrs. These coating processes were repeated 1~5 times to
ensure the coating. However, the coated milled rices were checked while the
coating of the brown rices were conducted successfully. Thus, only the
coated brown rices were produced and investigated for the storabilities.
Nevertheless, microwave drying led to successful coating of milled rices
without checking in the laboratory-scale experiment.

The quality changes in the coated rices were observed during 8 weeks of
storage. The weight losses were smaller in the coated rices, except the rices
coated only once, than non-coated rices. The pHs of the rices coated more
than 3 times were higher than non-coated rices. The coated rices, especially
containing isoflavone, had lower peroxide, acid and TBA values indicating
antioxidation effects of coating and isoflavone. Water binding capacity, gel
consistency and pasting properties of the rices were investigated to
determined the quality changes in rice starch which would influence the taste
of rice, during the storage. Water binding capacities of the coated rices were
high and the decreases in gel consistencies of the rices coated more than 3
times were smaller than those of non-coated rices, indicating the lower
quality deterioration in the starch of the coated rice. The initial pasting

temperatures of the coated rice and non-coated rice were 68°C and 71°C, and

_‘IO_



the maximum viscosities were 320 BU and 420 BU, respectively, indicating
the increased storability of the coated rice. The brown color(b value) of the
coated rices were higher than the non-coated rices because of the brown
color of the rice bran. In textural property analysis, the coated rices had
higher hardnesses and lower adhesivenesses. In the sensory evaluations of
cooked rices stored for 4 weeks, overall properties of the coated rices were
higher than the non-coated rices implying the higher consumers’ acceptances
and quality maintenances of the coated rices.

New coated rice having enhanced storability and functionality was
successfully developed in this study by coating with developed the coating
solution extracted from bacteriocin—incubated rice bran, fortified by isoflavone
economically extracted from defatted soy flour and modified chemically.
However, microwave drying processes should be additionally developed for
the industrial use of this coating technique to protect the milled rice from
checking during the drying process although present low-temperature drying
method i1s enough to produce the coated brown rice. This study is also
suggesting that more researches are needed to develope the new functional
packaging materials utilizing other wasteful protein resources and the

techniques developed in this study.
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A, isoflavones FOo 2 H-E £, AA o] nlFo A= 7~8%, Lo A= 30%
AEe] =& 7H tablet & EEPE o] AFo] Avj=a oy T AxT|E
of gt @Ay Xk AA 2 fujFF st A o= & dEA 9l
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slom ohuk isoflavoney} T E < owg o] #sh
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I G379} estrogen 4 2] modulation® A, isoflavone?] & o Ho] Al& 7}
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o HlwA @& Aol HEF AF Wl ¥ isoflavone ¥ FotEA

AT= ‘—C‘, MEol e e ol2ERAS AT, Fo H& It ¥
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TAe® Qe o] Aol Fof vid 2 Atk 51 Y= AAoy 1=
bR A aLe] mE Bagae] RS oy} v)E Fale w=F9k e
S Qlal Bave A g wyFefol Wigh A7 ZAFl st Qo
Feueke] & AFddg = dRrE dndHe A, dx FE =9
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naEEAege Raor g AAHL Jdov 2 F 20~30%s v Al
Zof] 2ol yu A= AlRR 2o AY FAE HAVIER AHEEHE Aot 1
Hup, m el = wdo]l 12~16%, Aol 7F 20~25%0°]™, A Wo] 16~22%
o] Slol(Saunders, 1990) @ ¥3H4, BAH o= w9 74A7F mrh H Lol
© 1 W= ofg] 7kA] AA o fFast v A E(Keith and Hargrove,1993) 2}
thekal A% 7] %5 (Kahlon et al, 1992; Osawa et al., 1985, Muramoto and

Kawamura, 199Dl gt A7} kst AA o), ot w7} @2 7o A
AL F=3 A7 Bol 3w o] ¢ (Chen and Houston, 1970; Connor et
al., 1976; Bestschart et al., 1977), 1|7 &z dw & 7|54 EA(Bera and
Mukherjee, 1989), 17 @l HF9o] 7|74 54 (Gnanasambandam, 1997), 3}
8tx  modificationel] 93 w7} Gl 7] 3FAF(Cheftel et al, 1985

=
Thompson and Cho, 1984)e gt A3 B u%= v} v AAZ v]7 oy
A

4
ATE St FAQ vFowyy AFHor FulEE HabEd @x %
oA B BES Azste 44 ol mUgons AT B e F
AshE WA sk wek A H7EE WEAs g7 AE aAsE 9 o
B 3 BAE Fa dvh 2y gAY NAL o8 Aoy UE A%
5 A NEe) Dol me Be SAEG Aok audelg 44 B
Bebs BAEE 4 Besk Aok old AFS BAH] As) WRAZ ALE
e WS 2 Ag 42 9)

alE 2 QA A of ozl EafE o=
Mo Ao] =kl g el (1= el Atk Eg 7]Ee] FAATE m A E 9
22k tAREE QI H]E] bacteriocin FFAAEFH A APA HEE FHF
2 Foll o3 A& A S&o] Hdue FHAA TEY A REAE
HAE 7 = M2 AESH HEAZA AFE 59 dd BFA=EAY &8&
Aol ZiElar Ut} #HA Bacteriocin 7] #S FElol=o A AW i v
stE3 Aste @i d7tx] tefsi, 53 - A#Fo] 22 bacteriocine 1 &
A wEel oE Alx duda At o] FAlHEE &3 bacteriocin®]
A7} o] Ah, T3 Uubd o & bacteriocine G EF YAt F 2aly AlE
A, B or ZH gFoR AdH F& FHHYE JeEdo(H T,
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1998). L#1} Bacteriocin A4 w5+ AZFAA A 540l 9@l bacteriocing A4
st o] Al A bacteriocine g o] 54 wjiel AFAAR A Eo] Wi
23} (Nes¢} Nissen-Meyer, 1993; Reis &, 1994), &+ Scott 5(1997)2] <ol A
B ¥ ule} 2ol Staphylococcus aureus’t A3 3= bacteriocin®] 38 At
A4S dehdoma dAd WA RA Y AgAS AEo]l S F&5kA HArHel
5, 2000). Bacteriocin® W3t % A= GratiaZ} 1925\ Escheria coil7} A32F

3= A s %7‘:]_3}1 o] WA3% A WAL Colicino] g 93k
Aol AFolAdrt. L o]F bacteriocin®ll gk A EA Q] AFE AFE FE HE9
RS zZhe AFHMAEA A FaE A= A B 2 5 de dE
Al EAZo] $-fo FAabyto] AaslE Nisinolth o] E&2 ofn oA
A3t 59l 1988 49 W =o] A GRAS(Generally Regarded As Safe)& 2 =

Agugton Fr fAE R 79 FHEE, T AFY A ol Bol
o] & Quf T3 W Ao B B vl vuHy w2 AE P

A pHlM = S 7HAM F5, 74, FHoER s gTAE A

&g e AATREARAL] FRLAT Fesdo]l JdEY. @A FUdAME
B e ale] AFeel &8 T YA Z&e WuEE Aetste] AAACNA
e oAl Ba mAAES Eelstar Y d v Eo] Atskes HH A S A
ekl 91E Addol 19839 H AAlHa 9tH(Choi & 1991; Kim 5 1990

=
Park & 1983; Park & 1986; Yoo & 1989; Yoo & 1991; Yoo & 1992). ©]¢} &
e wHeee) e mwE AYst golstthun ARy, dRe 4 B

e
EAE HAFoRN AE BE Ve ARe Fe d 7 de AR A

s e gz BAAG UGN ue dE Ao UA ATHIEE,
1994). o5 fAe] AR F b NWs m AzE wss 2t o9
WEE 5 5 Qow, 7 F9 s Agste] dojuh X, Asukgl o
A delub WAl wel WaE § 5 vk olE ASAdRe 4Fd Fw
SEar ofte} QA Ueld HAAEE s Ao el o) (Yagi K, 1987)
NFe] WEWT ofve AFe] WA WlNE FA9 A oA olof @
o fAle) Ateh % B8 ABAsE oR, B4, Ak B SR 2L ol )
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2 AbgetE W Solthx)., ey f¥stanE Rz el &aksl shgolup Al
st RE&e] 2HE A9 AAEI7E BIFsEH AAAAE FE LSk A 9
Estar itk ksiAl s dwbd o A FaksiAet FA4 dasAR vsm F
Rnom, HA FditsA = A2 G FsA Bu shAo]l ma 58 A &
A AAdEA Bop vtom g A FgAbstAINtE deE AMR A= gokth ey
A skl gk Aol dAMNA L A AAkstAle] EekAd, A ol
o] F-o] A7) = WA (Branen, 1975; Ito et al.,1983) 2% Ak¢] 59 o] & oA A

2
ot
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= el A isoflavones FEdte]l @atsiAl B FrleAdR e FH7bsko]
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LR
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o4 7] (protein tyrosine kinase, 5-alpha reductase ¢ angiogenesis® ¢]A)),
atherosclerotic plaque 84 94 715 T2 A4 7|5 d& AoZE Hi I
QALY 5, 1998). o] &3 isoflavones BX| 7 whlad Zm gl o] H7lsle] =
BAE Axgory &) AbsA R olygh IRl A & 9485 & 7 9

ozt 7l
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ol Abgd WA ArielA Fiste] WEale] Bystds ARz AHE-S)

") 7FS hexanel 2 1A17F EX|AIA Ex7Fo 2 whE9o] blender(Hanil, Korea)®
z |

ARgatder. &2 7ol 10

A s Adstdc
D o) el e FEE

~127+4] IN NaOH$} IN HCIZ pHE %4d3ste] HAFZpHE

=
gl gy me gid FE58&S dolrR7] 93] acetic anhydride, succinyl
1

anhydride, phosphoric acid& 22t 0.1% #7}ste] @4l Ay bk-gA171 &
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my)
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BN
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Rice Bran flour

l

Extracted with distilled water(1: 10 = flour: water ratio)
at pH the most extraction(0.IN NaOH) for 3 hours.
l

Centrifuged at 5,000 rpm for 5min

J
Extract

l
Adjusted pH to iso-eletric point (0.1IN HCI)

l

Precipitate

l
Redispersed in distilled water Adjusted pH to 7.0 with NaOH and stirred to

dissolve proteins.

l

Neutralization

l

Freeze dry

l

Protein isolate
Fig. 1. Flow disgram for proparation of protein isolate from rice bran.
< AdAEY s (4T, 3000rpm, 20%) G HES 15687 FEHSIAT AlE dAE
= upF F gelol] 10E FY3dke] 150 volts® 90E37F A7 9 &3t 79 %
% comassie brilliant blue R-2502. 2 A 3la 10% methanol, 7% acetic acid
solutione. 2 &AM AT. BAHF FF WM AR Prestained SDS-PAGE

standards, Broad Range(BIO-RAD Inc., USA)S A}-83}1t}.

AL BA G dld dF Az
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A @A e Bgel A

pul

k>

F3

Bx7 gl dE29o AA T3 (oxygen gas transmission rate): Analytical

Gas Permeability Fractometer(Model-GPM 500, Lyssy co, Switzerland)®} =%

b (Karel %, 1963)& ©]&3 gas chromatographyES Al&3dte] A=At o

SS9 dAaAelH <ol ES Wi 22Tl A 48A3F dxA7 &, 25T
=

o A At FHE7F FAHHJT oluf gas chromatography®] 710

5
At ABEEE JFAAR glycerol 2.0%, sorbitol 2.0%ZE A 7l3k HE3} acetic
anhydride 0.1%, phosphoric acid 0.1%, succinic anhydride 0.1%Z #H7}8to] &
NAS HPAZl DES AFESA T

=

g 9% Gud Age] ARAE

e

o
A&

G927 gz ZHEo o7 (Tensile Strength @ TS)9F 41748 (Elongation at
break : E)2 ASTM Standard Method D 8829 ¢]3] Texture analyzer(TA
plus, Lloyd instruments, England)E& A}&3le] A3t %7] gripgtel 1H4

£ 4cmeo] L, cross—head? £ =+ 120mm/min, &9 Z7]E= 10x20 mme] At}

A5 AAAEE FFo] BoE "Ax 7E5E Ao ¥ F9 @A F
o7 o] Atstdon, 5o A& dFo] Bold wrtA] st Ao
g =& z7] Aojd & g Yehodh

2. giFute 2 5-¥ isoflavone FE9 A3} 9 4

5 isoflavone F&L 5+ 7FE Alo] HAER EAS = tF9E o] 8319

o] Fo] At Isoflavone F3 A, £EZ =o]7] 9 ofe] W] Wi FZo]
o] Fo]ZoF 3tZ o}, isoflavone®] &%7F AA| 7 obd AFEolw AHAAHL 117
slo] Az tFuEre 80% wekEgdd 29 Fob wWtEE Hdxste] X7 o
WA Ao AE3kAnt ojul, FEHZEANAMY isoflavone F L A5 AH

29 isoflavoned #S &9 %A &l A HPLCEA 8] retention time?] H] L
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- instrument : Waters HPLC with gradient pump system
- detector : Photo Diode Array UV/VIS detector
- column : p-Bondapak C18 (25 mm x 5 mm)
- eluent : 5mM NaH:PO, + methanol (4:6)

29 Fo g5 €X3"l g5 AFS blender(Model 34BL22)%E 30sec &<t
B3 & Z4Z2S sample® 3FAth ZF sample 80% methanoldl] o 70°C &

2o A BAIZEESE deFESt & Aoz Wy Wy $o ofyrz
oy #etal o RS evaporatorZ FFHAIAT ©] FFHAES ImbF sk 108] 314
3k 3 gyringe filter® Z#]4 HPLCE ¥43tt. ojuf HPLC EAZAL

Table 13} 2k}

Table 1. Conditions for HPLC analysis of isoflavone

Items Conditions
Column 3.9x300mm part No. WATO27324
Pump Waters 501 HPLC Pump
Detector Waters 441 absorbance Detector
Mobile Phase Methanol(HPLC+H) : Ammonium acetate = 3 @ 2
Flow rate 1mé/min
Sample injection volume 200
Standard Genistein, Daidzein

3. Bacteriocing o] &3t @27} ©huld g Aol A& A

©@217; wjA | A bacteriocin Aol 7hsdt TFE AR, Ao EAS=

Bacillus sp.9} Pseudomonas sp. &% & 971 ¥ Pseudomonas aeruginosa



ATCCO027, Pseudomonas putida ATCC21025, Pseudomonas methanolica
ATCC21960, Bacillus subtilis ATCC6633, Micrococcus luteus ATCCI3415 <
ATCCol A FEuto} ALg3l oW, Escherichia coli KCTC1039, Bacillus
macerans KCTCI1822, Bacillus cereus KCTC2744, Bacillus magaterium
KCTC2178, Pseudomonas fluorenscens KCTC1767,5& KCTCoA] E<F Hbo}
Ab-&-3t A tH(Table 2).

A&t wleF 2@ modifide deferred® - B 7] %](3%2] @47 35) D @7

A A (3% BA A 15%9] agarshfi)E ol&ate] Faskh

Table 2. Bacterial species.

Bacterial species Strain and source
Escherichia coli KCTC1039
Pseudomonas aeruginosa ATCCI027
Pseudomonas putida ATCC21025
Pseudomonas methanolica ATCC21960
Pseudomonas fluorenscens KCTC1767
Bacillus subtilis ATCC6633
Bacillus macerans KCTC1822
Bacillus cereus KCTC2744
Bacillus magaterium KCTC2178
Micrococcus luteus ATCCI9341

n) A& v 2 spot-on-lawn®H o= Tryptic soy borth (Soybean—casein digest
agar dehydrated, Difco Inc., USA)E o] &3t}

L. Bacteriocin A w5 ©A 2 A

o

Aol EAst EInAES T+ bacteriocin A2 Ahn¥ Stitesd] =4
M3t modified deferred WHS o] &3te] EX7 A wjx]o] Al o
30

FudAdS At dAG A wjA el dFE Nader HF st

=]
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ol A 4821 7H(6A ZhekT) Wl %E F AP HS 107 celle I 0.75% soft
Trypic soy agar(TSA, Difco) 4 miE ¥ 3o 30T A 2441 3F vl F3ste] <o
Agk g oARE AEsEAT

AA L BEYTTF T AE
spot-on-lawn WS o] &3] EAFTE AFTS 107 celle E3E 0.75%
soft TSA 4 mliE 15% TSAo &F3t3Ath 0.75% soft TSAZF Zo]x]™H 30T ol
Al ABAIZHEA Zkel) e 7E Ao A w1 E2] (6,500 rpm, 20
min)dte] A5 HE Hal 045 um Cellulose Acetate syringe filter® 3 A|A
S AAST & FAEL HAHEL oA (paper disc)dll 100 wE =53k 30TolA
12217 9 T IA3 A 22 #2389t Phagesol 93 7tsAS
flip-plate assay W I improved deferred ’‘sandwich’ W% &= 3435}
spot-on-lawn WHOoZ JA|3to] 7A4hs = AS EFgoEN AT 4 glom

2 s eds 10 mM Q4 hs8olo®m 28) 548kl phagesol o3 7t

) Bl

ek 257} bacteriocin Ao WX E GgFS Lol ] Y AW FFE €A
7 A iR HEFskar 20, 30, 37, 50Ce] ol 4 150 rpm
Zy kel A] AT Tt o2 ARE FHEte] FAE9 bacteriocin?]

rlo
=
0%
N
3
i
25!
N
=

= ]:]
9} bacteriocin®] & A S %%‘3}935}.
3) z_/\]_xl:_ _%;q
mjoko] ghmy WA FAS AA 1S AN 085% FF A IFEE 10~
10742 @A 742 8 45ke] 15% TSA(Trypic Soy agar)ol 0.1m¢% HA=L & &
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24N 7F W gEte] YEhd T E F TSR SA43AN
2}. Bacteriocin Al 5 Pseudomonas putida | 9

GA 7S i 135%, @wE 13.2%, AW 183%, $& 383%, Afra& 7.8%, I
& oA Bador dd Axdor gwMAS Igg ol &
& g 7] wiEel wiAe] EAA ol tE AES HIbekA &ar oA wjA
= W5 ALgsIT X3 AA viA](Z7] pH 6.48)°l bacteriocin A T
Pseudomonas putida 210255 E3te] 30C 82 wjeF7|oA 150rpm o & 334
Zr sk

u}. Pseudomonas putida 33t &4 B4

8
o
2.
Eh
@)
o
o
@
@]
=
=
D
Q.
ol
e
o
o
oo
ol
o
s
)

Pseudomonas putida 210259 42
A7 A wiA 2 Aol gk dugdAds HAFsido &
Pseudomonas putidaS AE38h] 30ColA 33417 vlkst & Al gH#S 107 cell
S 33 0.75% soft TSA 4 mlE Pseudomonas putidas HZ3F €47 114
Hj Aol EFske] 30Tl A 12413 v Feto] ofAgs A, It 249
Agel A& ()2 YE A ow Ade= 23] wHEate] UERY A

=17

—

R
L.

12

v}, Pseudomonas putida®] bacteriocin &4 F4
Bacteriocin 4 spot-on-lawn WH< o] &sle] EAEFYT AFTFL 10

o™ Pseudomonas putida 210255 €A 7 A uxo] 30T, 33417+ vi3E uj
GAS 6500 rpmeZ 4T, 2087 A EE s AT HS 045 mm Cellulose
acetate syringe filter2 o] 3}3sfo] A3k wjdol S AEZ AAHFL o] =]d 100
WE STA1A 30T, 37CAAA 1287 & A S #&sA T &4 (activity
units, AU)< bacteriocine 28] 3] Alsto] A4kste], Ay= 23] ¥wHE3le] el
W AT
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Ab pH, &%=, 718wl Wk kg A

G927 dd FE Al 98 5= bacteriocin®] 24 AAE awldtr] fske] 7

=
FZzA0 3+ bacteriocin® S+ LS FALE ST}

pHol W& bacteriocin ¢ <FHA S w3zl 045 um syringe filter2 o] ¥} 3k

HjFolS IN NaOH €% IN HCl &do= pH 2.0°14 pH 10.07k#] =43

4 H 3} bacteriocin HIFHS 1:12 3Fo] 4To|A 3A17F &<t bacteriocin®] &4

TE SAsAY dxaoe® 10 mM 4he ks 89(pH 7.0)5 o] &3taith
>5eof gk kA

acteriocin®] SFAA S #AsAF, Ate v S

54, WY EREXE A4 oMAES Tteke] 1R
ZF vortex®d & Ao A 3A17F WA 5t Turbo Vap LV Evaporator(Zymark
Inc, USA)E AHE3e 20C, 1A AZAIZ & T3 10 mM 4+ 95§
H(pH 7.0)°l WAl o] bacteriocin® A EE FAsAt.  WHEL& Turbo
Vap LV Evaporatoroll €3t J3FS a1elalr] 98] fulxelex] & A3k i
& Feds AHESEA

o}. Bacteriocin® &7 A

Bacteriocin®] %744l Pseudomanas putida 210255 @%7 A =] o 364]
2okt vlgAS 6500 rpmo-E 4T, 2087 AR d5 e A nE
of 9% AAHME ] &3 Bacteriocin % & Hell 3kl =

SEAIA 4Tl A 2412 A A gk $ 10,000 rpmell Al 20+ 7F D412 skt
%N%E}g Ao dnrs Al Heke] FASEFES 50% EaEA B AHod
A 3 4T A 2417 A& F 10,000 rpmol Al 2087 AR s I AHAES

Oé%lt‘r. [ &S 299 10 mM JIdE SF5E&HEH 7.0 &A1 F,

>
[}
2
|
o

ut



Spectra-Por no.3 dialysis tubing(molecular weight cutoff 3,500, Spectrum
Medical Industries, U.S.A.)& ©]-&3}o] 4TolA 48417 F=A3513th 43 A=
T oeddzd F 10 mM It SEEel(pH 7.0 8.2 &3l A Abgskalth

2L Bacteriocin®] SDS-PAGE 719

i AAE bacteriocin® % B EAFS XAMSHZ] 9@l Weber 5(36)¢] W
of wel 10% polyacrylamide gels AF&aFith Alwtd W FdS Alg 458
Aoz AATste], 10 T35kl 150 Volts® 9037 &<t A9 &tk A

% & comassie brilliant blue R-2500.8 gM&l1, 10% " &2, 7% oA E
ko] gHoz Gt A ia 9 I 2= Bio-Rad3|AMS] Prestained

SDS-PAGE standard marker (broad range)E Al-&3F
=z}, Bacteriocin®l] €3+ A7 IE Ao A AA

927 adAe] Aol

of I
2 8
_>|: olﬂ
EVIN
=z
i)
o 2
-llI.
& N
o Nl
Lo “ﬂh N
ol
ok 1R g My
o o o ok o
o 9 o
= i) i
X i i
S H’ O}I_‘ mlm
S 2 &
o ko &
= jue)
o Y o
oM T X
ol o
e M o
2
tlo ﬁ
N b
o o}
EI N,
rE
N
i
>
ofo
QL
2

s 10%E 22k H7bste] 25TColAM 2443 A xste] @473 &l =3
GAE Azt 9 ZEA L] Al me FoeE A 9l obv
o dades x2BEWE ol&ste SASAT

a = R84 b hl [e]
o =2 pH 857} & wi7x] AAHSA T ofv i AL S Ao 2osiA k&
Skt
) ) (A-B)xFx14 o
Amino Nitogen( mg%)= )S x100xdilution factor
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A : 0.IN NaOHAH] md
B : &A1& 0.IN NaOH 2H| mf
F : Factor of 0.IN NaOH

7}. Bacteriocin SFf €A 7 ©d E Ao o3k 2]F o Wiy

BacteriocinS $F3F whld Ao W EE 2AEy] fJe) EEfolx S
¥ 43k bacteriocin 3 @ E A T AAFS HEse] THAH W
HAE WA AEE AT BRW 27 AAdEFIF HEE Sebol 3 of
3¢ @A 7 @ ¥ A9 bacteriocin $H BA Y wwE xFAE EFFS
o 3 WALEE vt xS E8ko] 3 of 3go AATFE AH A
Tt #ZsATH

4. BX % dd IgA R IeE Ao A H o]gey AHA
7}, A& A 9 opilot-plant R IR A %

A 7ol 10% ole&S 58 H7bste]l pH 92 ZA3wA 347 B¢t F& ¢
Aol glycerol 2%(v/v)& FH7kste] 80C7HA] 7tE st <, 4
2 Agstat Z"H NS A AS] strringstAA] @R E A=
ok L%Qﬂol dujel FdatA ZLBHA AL F AR A NA 4027 4
A gtk 1 ¥ F o] HE &7]d "ol A2 AA HxAIAX LDPE
(AEzZogd)el] wobAl A2eA 853 AdstHA F49o ®stE 133}
Atk FasAlE HUbehA e RS IWIFE 1, 2, 3, 4, 532 I

o] 5 isoflavone F= 2% (w/v)E FH7Heh s®AE 53] Idste] Al

o

ARATFEe AN WA AAxA0] we 2Pl Azste] AT
s
o



4715 o] &3le] 8 keWo® AEAd ] LAY AFo BAAYS P
Atk old AAtRe dzgAn Ae Ed7bs FEF 8 tonol ol oA
pilot-plantTF 29 AZAXE AL&35% T

o mge] 5 ws}

A4717F Sk ZRAAL FAWMEE 0.000lg G774 4 7e s A2 (HF-200
GD, A&D Company, Limited, Japan)S AF-&38}o] 85714 &4 3%

. 2Pl Aw Wl

o] MEi= Colar and colar difference meter(CR-210, Minota Co.,Japan)=
ARgEte] St on 33 FA4X 9 B ks YER AT

A7 Fok mE e pH W3tE pH meter(Model 720P, Isteck Co., Korea)2
Abgste] AT ZEA 10gS vhste] SRS 100mle ¥ 1A Bt
strring3 & pHE =33t}

AL 98 AW F%F2 FolchWeol wet F&3dv 292
100 g& blender(Hanil, Korea)Z 2]t ¥ chloroform:methanol (2:1, v/v) &%
A 300meE WAL 24A]7F WAL & o] k] (whatman No.2)E o]&3to] A

ARl &t o7]d FHFe] FRHTE P F wwkste] A

o
T Boy d%E WwolA evaporators o] &3te] &w|E A At AW AR

OE

l

=2 (Peroxide value)
FEE AA7ZF Fok HatstETE WE= AOAC Official Method 965.33% 1
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of ujzg} A3t ZEA 100gol A FE3 AW A&l acetic acid:chloroform
(32, v/v) &€ 30mE ¥ HHs] &3AZ & 23k KIE& 05mE il
127 adtsle] 57 el Wzl gttt o 7)o FH4 30me, 1% A8 0.5m
£ %3 00IN NaS:038 o2 FEMe] Ad wj7hA] AAgsisivy, sdd2>
ARE YA g flok Tt AU Akt ek o Aol siA Al
Qe

|

3

Peroxide value(miliequivalent peroxide/kg sample) = SxNx1000/g sample
S : 0.0IN NaS:038 N0 2H m5(Blank ®2.4)
N: 0.0IN NasS203-8 < 9] normality

g2 100gol A &3 A ¥ A&l alcohol : ether(1:1,v/v) &3 &9 50mE ¥
2 AS &A1 T 2 A eFS & phenolphtalein 0.1m¢E ¥ 31, 0.IN alcoholic

KOH§ o w #g o] Aebx 2 wzx 24steleh ks thg Ao e

Acid value = SxNx56.1/g sample

S : 0.IN alcoholic KOHE& % 2H] ml4~(Blank ¥ A)
N: 0.IN alcoholic KOH-& 4 2] normality

4) TBA7} =4

A& A7)z
282 100gol A F 8
A SHTBA® @ W 2A=111) 10mlE ¥ 483+ AA3}; o] 2 o] Fof A
Bgste] 35S FA F ZE BolA 308 tdsta A 2

=
ZtA1A 530nmel A FEE=E SASAT AT RS ¥A 4 99 =4
A
TBAZ} = (A-B)x3x100/S
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A 2 Ag e 530nmel A 9 %%L
B : ¥ Alg 9l 530nmel A <]
S ABEANHZF

2Ags =% (Water binding capacity)

=
&

N\

A% 71z Bt myAe] FEAFH ] Mk Medcalfd Gillese] WH o=

4= At Centrifuge bottleol] 27} 5g, 5 =

F QAR (8000rpm, 30¥)Th QAR BuE 43 2NN 9
3l =

bottles 10 ©]& 180" oA =& €43 AT F bottleFAE FAzIo] 2

2
® K
=

Water binding capacity(%)=g of bound water x 100/*] &7 4]
Al 33} 5 A (Gel consistency)

©3} $542 Cagampang &< ol weh A7 100mgs Z47h 5W e
F 913x100mme] Alg o] ¥ir 0.025% thymol blue 0.2mlE ¥ thd 0.2N
KOH 2mlE 7}ste] 5% &3 38ta A 8%7F boilling3tsith. ot

=

H =
Wb AT F 2023t Aol WA v Aldds 180°

A& 53 54 Bhattachary 59 WS T3t v o] 13 S
ok 10% 27 dgds 183 wwste] Viscograph PT  100(Brabender,
Germany)E ©]&3to] 30CHE 9 3.0CH MEA#AH 9BT7A 71gsd). o

2o A 1083 FAAZ oS oAl B 3.0CH sHAIA 50T7HA] W2hAl 7]
WA TMA 2%, HLHEP), BTCAAY A=), 50CE YZA9 HA=(C)
E =43} breakdownS P-H, setbacke C-P, total setback& C-Hell 93] #
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1k
A 16w TS B HAvrE we b d FiEo wehs bowl(AE 23cm, %
o] 12cm)ell &A HE ¥ wdo] £4HA GrE Foste Avty AR 53]
We T F 58 WAL o3 AAHE 33 wkEe & Ayhe] A7ty
5 HAALE AlgR2 Abgsdth

Texture Analyzer(TA plus, LF 1078, Lloyd Instruments,
England)E AFg3te] =435kt A 1268 9453 £7]/(AE 4em, =] 3cm)
of wol A& F Ao plate Tl Eol7l Hao] HEE Fil, Texture
profile analyzer® 74 % (hardness), % 2 A (springness), 5% 4 (cohesiveness), 4
314 (chewingness), 74 (gumminess), %4 (adhesiveness)S 3 3A . =4
ZAL AE 256mmY plungers AM&3Lo] crosshead speed 100mm/min®} 60%
compression®. 2 AT BE AlFEE 33 9HE Agele] H e AFESEY )
2) vkel Fs AL
o drE flall dAe] Ab7]iRel oF 50g=e] WS Hobd We =71 6
0C7F FAHES 3 & F74& DolA AlR=®
ZHb Al 30t k7R o] AZe dURA Eu EdA 148
Aol aAnte] 2 F4

glof7l fla] Fae e oS F71sk AL, 1A Fek i Il ofF @

2= HA3E7] 98] A

Lo

of Hy I ®
X [t ‘Iﬂ & 1o E

[

1o

N

>

oy b

>

k1

e

»

o

il

_0|L

e

o

l-«O

N

@

Table 3. Sample sheet for sensory evaluation of cooked rice
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2 sk KkjeldahlH o2 3
A7 Ha) w
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=L}
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7} 145%2 e

gA A2 %

745% %
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123
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3

Fol 7t

i

o Al 255% H L]

71 Y8l sulfuric acid

0.2, 0.4, 0.6, 0.8, 1.0M &%=l A]

27}

=
=

¢} sodium chloride

(% )UOI}0€IIXS UI8}0Id

0.8

0.6

0.4

0.2

Conc.(% or M)

Fig. 2. Effect of sulfuric acid(4) and sodium chroride(ll) concentration on

extraction of protein from rice brain.

4 wolt,

ok 20%

3ol

/=5 = globulin

o
e gAg

A o] disulfide bond

F 9
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sodium chloride 2]

7¥A1 7171 93] sulfuric acid
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Fig. 3. Effect of ethanol concentration on extraction of protein from rice brain.

Ethanol 10% & ool 227 ©Wd FZ80] &%= &vid &x7 dud
FoM= 7P =39t ol & @™ F prolamin®] ethanol =& <ol §FH

S wpie] thE ulelA wu} e o Az

FE2EFo] 71 =49 etanol 10%E Yol A pH
ol 2558 oA 43 A3 Fig 49 2otk gx74 @A s 2535

of pHs concentration on extraction of protein from rice brain.

2]
0

E
o
T
A

Q

71 A &wie) pHe 6480121 em pHE 7, 8, 9, 10, 11, 122 Z=4dste 7p7)

|=3
=
e F2ES S48 pHE gAY did 22852 pHF =55
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100

>
— 80 |
X
=
o y
5 &f
©
<
o
c 40
;0__2
o
(a1
20
0
7 8 9 10 11 12

pH
ZE°l A9 ¥=Pdrh91~94%). A &

_7;:.
227 g el oF 75%7} albumin, glutelin®® =
q

Hd FFol pHO = o
I dEeolA §EH= dud 54 wIol AzdEn

v Ao e 9xg wud 2%

G "o e gEx 7 @z F3ELS ethanol 10%, pH 92 Z A3} acetic

anhydride, succinyl anhydride, phosphoric acidE ZtZ 01% #H7}8le] F=3h
Az, dd wgo| wE X7} gwld FEFL2 ethanol 10%, pH 92 5o
) o)

FZ3% 23} succinylationdr ©X7 "l Aol FZEo] 97%E 7 =%
WA 7)®] F2 FHo] PBRE I YFolAda  o]oA  acetylation(94.5%),
phosphorylation(94%) <= o|gloy, "l Wy wE FZE2 zlol= 2dh

kg Mg

=5

Acetic anhydride, succinyl anhydride, phosphoric acid®] 7} ko] W&
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2 WA RS Fig. 5ol vepdidch

50

—eo— Acetylation
—— Succinylation
—&— Phosphorylation

30

20

Modificatin degree(%

10

0 0.2 0.4 0.6 0.8 1

Concentration(%)

Fig. 5. Extents of modifications according to the used amounts of acetic

anhydride, succinyl anhydride and phosphoric acid.

gz WM3E Zo| A succinylation, acetylation, phosphorylation <=0 & W3 o]
U}o] [e)
A=)

1o]ykt}. Acetic anhydride 2%, succinyl anhydride 1.5%, phosphoric acid
guld WA 50~60% YA
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g2 dde) BAEE 2Ae] fe XA e GE S 2Ase] A7)
o 9

Myosin-198KDa - I » H

B-Galactosidase-115KDa —
BSA-93KDa

Ovalbumin-49.8KDa = =

Carbonic anhydrase-35.8KDa il
Soybean trypsin inhibitor-29.2KDa

Lysozyme-21.3KDa —

Fig. 6. SDS-PAGE of rice bran protein concentrate for determination of
molecular weight.

9% 9ud 4ES faAs @ud WPol met Azdel BRI FAT F

7} A=A Modification

glycerol sorbitol | acetylated phosphorylated succinylated

Film

thickness(mm) 0.1785  0.1824 0.2057 0.1941 0.2101
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Table 4. Thickness of rice brain protein films

ZF AT S
0.0228mmA = ©l F

og Jurel Ao AzH
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HERNE
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WA W et
ALt ol W el o3

g9 FA%

o] Ao

—e—glycerol 1.0%
—m—glycerol 1.5%
—a—glycerol 2.0%
—%—glycerol 2.5%

Time(hour)

Fig. 7. Water vapor permeabilities (WVP) of rice brain protein films with

various contents of glycerol.
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7F v okth. SorbitolE F7Fske] Al z3 BE T sorbitol 1.0%, 1.5%+= 2194

70
60
— 50
P
O
< B
1 40
=
ﬂ_ 30
3]
Ly
i
R 20
—e— Sorbitol 2.0%
—— Sorbitol 2.5%
10 —a— Glycerol 2.0%
0 o]
0 1 2 3
Time(hour)

Fig. 8. Water vapor permeabilities (WVP) of rice brain protein films with

various contents of sorbitol.
U ol RE7o] A7k Bbsste] 989 B WMaE 24T+ g
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Fig. 9. Water vapor permeabilities (WVP) of rice brain protein films with

various contents of acetic anhydride.
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Fig. 10. Water vapor permeabilities (WVP) of rice brain protein films with

various contents of phosphoric acid.
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P& A7IA & BFE 3N F AA FFH A

3 phosphoric acid 0.1%, 0.5%, 1.0% 713t &9 A F54H FA 24
Z+7} 106.7%, 114.8%, 128.6% % E3] phosphoric acid 0.1% 3 =
2 wrokt}. T3k phosphoric acid®] #7F #&7F E&4EF 559 F

&2 S7hstalth

HbH o] succinylationA] 71 &9 8 %% W3E phosphoriylationAl 71 2
5o &% FFE Wstel Ankd S YeER AT Succinic anhydride 3 7FE
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Fig. 11. Water vapor permeabilities (WVP) of rice brain protein films with

various contents of succinic anhydride.

G927 duld dE5e] kA FaREE AT A= Table 59 2k TbAaAlE

glycerol# sorbitolZ #H71e FE9] 2tA FIHwE z+7 2562 cm’/24hr - m” -

atm, 2,174 cm’/m” - 24hr - atmo] Q. @M A ¥y w2 7 2] A FiE
al

+ acetylation®d ZEo] 7FF 9

w

I & succinylation, phosphorylation®]
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ok ey g ] WYS Tk dFo A T T g o] Wy
7hekAl S dERT BT uskown ol

IE ol AA &gt S
hydroxyprophy cellulose®] *ta F3L=7} Z}Zi 2619 cm®/m” - 24hr - atm <}
9,600~18,000 cm’/m” - 24hr - atme}al Hatglth 2 AF A= cellulose D&
of 3] 6v) A= T4 ES A8 2, hydroxyprophy cellulose] H] 3|

(1999)= methy cellulose2}

Ae F3Est e Ao 4zdd

Table 5. Oxygen permeabilities of rice bran films

Films Thickness O]} Pzermeability
(mm) (ml /m” - 24hr - atm)

Sorbitol-containing 0.703 2,174

Glycerol-containing 0.685 2,562

Succinylated 0.602 1,949

Phosphorylated 0.585 2,144

Acetylated 0.680 1,727
b @A @ed A5 At E B AGE
9x did s diE Wy nE 54 A T R sk wE
59 584 EAS AR @ eSS SA o #EsAt 7} A o
w2 oA} o] zo]l= Fig. 129 #o] glycerol®.th= sorbitolS #H71e EE ¢
A E=IE o™, glycerol 2%, sorbitole 15% 7138k Ao AAA=r Z+
7ZF =t

gho] i wEe] wE FdF ARARE S48 AH(Fig. 13) @A W
g& A7 A& Fo|AE phosphorylationd 7 o] aetylation, succinylation®l] 1]
3 QAR =7F & Ho|Q AL, acetylation, succinylationS 1 AF =7 A2 ¥ =3
. 7} modification®] § =¥ AFAEE BF 1.0% H7Hs Aol 7HE =gk
459 A& uigk H7F JhaAe] PS> Fig. 149 #Zdth JhaA=

glycerol& AH&3H d5 9 A& ] sorbitols A& dFHT ThA =2 A3

Fig. 12. Effects of plasticizers on tensile strengths of rice bran films.
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Fig. 13. Tensile strengths of modified rice bran films.
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2 vEglen) el Aol wAlslA el Sorbitole HAMH BEL %
E7F bR S AGEE SUHAL glycerols ARSI EE2 2%H7F Al 7t
F EE AFES HEAT B HE] A& e duAw o] JFs
A Ay 59 AES aid Wy Z JFEs WA Fa v s
o 1 1% acetic anhydrides #7tste] Alzxzd HFo] A4&o] 74
< A(180%) .= YEFSH(Fig. 15)

2. g7t o 2 BE isoflavone F&9] HA3 9 4

=Y T uiFd, 2A4d g, AFolA isoflavones FETE A3, AT ol A
96.4ppm, BAE AFo A 4291ppm, tFerolA 226.78ppme] isoflavone & <Y o]
FEHEAT BE A 544 isoflavone®] FEES SO 1 F diFutelA 7t
& B ¥ isoflavoneo] FEEHAL M AAHolnE @A dMA filmS

Az e gRu A 28 S AHgsHAv
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Fig. 15. Percent elongations of modified rice bran films.

HPLC &4 Alel AR89 9 isoflavone &5 NS hexane 1112 3 23 §
o] hexaneZ< A 738t thA] ethylacetate$} 1112 = £33 T ethylation=<
E53to] ol & isoflavone &M o2 AREEFS T o] isoflavone F&& A o &
= isoflavonedr -2 29% At X7 @@d film A F A @ FE8&9 A
A gAe] 2%0l T3t isoflavone &S ethanolell 41o] %7}k th.

AzE 227 gz 3Ed 10g2 500me] =7/l ¥ isoflavone ¥4 W
Wi} sl F&, odH, w5, Aol HPLCE Ag A3 10g9] 82l
A 22.6mge] isoflavone®] £Adt= Ao & e HE k719 isoflavone &
AL JdAdoy filmes AxdFA L diFE9] isoflavoneo] AR i IHAR

olFHE FAT F A
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3. Bacteriocing ©]-83F &X7 whuld IE Aol AAA A

7}. Bacteriocin A ¥ ©A 2 A

2ol EA8FE Bacillus sp.$t Pseudomonas sp. 952 spot-on-lawn %S o]
&sto] vt S ARG A 9F F 8FC] Fr FAHES RHoeW 1 F
Pseudomonas  aeruginosa, Pseudomonas putida, Pseudomonas methanolica,
Pseudomonas fluorenscens, Bacillus macerans 5 5%°| 3893t 3t A4S Yehy
Qo B3] Pseudomonas putida®} Bacillus macerans®] 38 9)stA®E 733k st

d& HIHTable 6).

Table 6. Selection of bacteriocin producer in rice bran (spot-on-lawn method)

Pseu Pseu. Pseu. Pseu. Bac. Bac. Bac. Bac.
aeruginosa putita methanolica fluorenscens subtilis macerans cereus megaterium

Indicator

E. coli +

+ +
(19mm) (20mm)

Pseu. 4
aeruginosa (16mm)

Pseu.

. + + + + +
putita

Pseu.
methanolica

Pseu

fluorenscens

+ + +
(18mm) (13mm) (16mm)

Bac.
subtilis + *

+ +
(27mm) (18mm)

Bac.

macerans

+ + +
(17mm)

Bac.

+ +
cereus (19mm)

+
(14mm)

Bac + +
megaterium (13mm) (14m)

o5 5% #FZE A modified deferred Wi ol 2|8l bacteriocin &4 S FAlst

At 1 A3 Pseudomonas putida® A3 52 @27 1A wix]d] 30C, 3

o



6TCoAA 33A17F wiSFS S 2 Aehx] grom 48417k HlF Al whe TS HY
t}. Kime Pseudomonas aeruginosa 90-2-22055 Nutrient agar H|A|Z o] &3t
modified deferred oA S HAThn RIsiR oy & AFgA]=
Pseudomonas putidaZ A3 Pseudomonas sp.= 8417 34| wiA|ol|A] gtEd-S Kol
A ¥kl De Vuyst®l Vandammes Z At 5 bacteriocin A4t =

AFAutet AA g2 Aol dial] o] st & X|= bacteriocin AAF <] gl
of HAox AFwtel EHEAUr] wWEolgta ok wepA 2 AFelA
bacteriocin &/ ZAME 9%k Aol AA Al @A @i d a3 A o] A
FdS $ltbacteriocin A S FAtste] Aol EAain, E 2dd +
= AEHor AAsATt. Bacteriocin® I Ed A w5 A2 AE BEF
gAoR 2 FFoR Y GA4E vEE A Zo] modified deferred W

(e}

2 A¥3 A3 Pseudomonas sp.ol B 8-S eIt

lo

Spot-on-lawn ®HHo =z  AHAI A3} Pseudomonas methanolicas A 2|3t
Pseudomonas sp.oll &S HolW Bacillus sp.olk 3+ ZA4S Yeh, £3
Bacillus subtilisoll 27 mmz 2 &AL YeER It Table 7).

Table 7. Antimicrobial spectrum of Pseudomonas putida

Modified-deferred Spot-on-lawn

Organism e I —
zone diameter (mm) nhibition

Gram-negative bacteria
Escherichia coli TSB* 37C 13 +(19 mn)
Pseudomonas aeruginosa TSB 37C 24 +(16 mm)
Pseudomonas methanolica TSB 26C 19
Pseudomonas fluorenscens TSB 26T 13 +
Gram-positive bacteria
Bacillus subtilis TSB 30T +(27 mm)
Bacillus macerans TSB 30T +
Bacillus cereus TSB 30T 14 +(19 mm)
Bacillus megaterium TSB 30T
Micrococcus luteus TSB 30T 12 +(12 mm)

“TSB; Tryptic soy broth

_61_



ol21g At o] that v &¥7F modified-deferred ¥ spot-on-lawn HHH
o7 AF3 Ay} ApolE Hol= AL B Ao Pseudomonas putida 210257} A3
Al 3o B2 o] bacteriocin €] ol %= bacteriophagett H:0x9F 728 Edo| 3yt &
o] 7]ejet7] wiizolel Wty whebA B fjetHAM e e Fddad S

W= Pseudomonas putidas NI E AR Bacillus cereusE T2 A
A3le] modified-deferred ¥} spot-on-lawn WS o] &3l 4t A S FAMS)

o Fig. 16, 17°] YeEbH AT

Fig. 17. Bacteriocin activity of Pseudomonas putida by the modified—deferred method.
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L}. Bacteriocin A1) H A w¥zA

1) 7] pHell w& 93

7} bacteriocing AAdst=t 3lo] pHel FIFS FAFsH7] 98t @A oA
AWAE 1 N NaOHe¢F 1 N HCIE o] &35t pH 3.0914 pH 9.07F% =43}
t}. Pseudomonas putida 21025 55 &3t 30C, 33A1F st & e
A& FH S S FAEAT A¥ Fig. 187 #Zo] pH 5 ool A FH o] F
2lstel pH 6.07 pHE ZH3aHA] &> pH 6489 @A 7 AA| A elA] o] A

%31 @40l 714 E%T pH 70~80014 #e] FAo] WMo zaan:.

h
o]
A

Lo

140 12

120

100

Cell(x10 °CFU/m!)
Inhibition Zone(2" AU/ml)

3 4 5 6 648 7 8 9 pH
2%

pH —e— Bacteriocin

Fig. 18. Effects of initial pH on bacteriocin production.

3.0 pH 9.0014 2] bacteriocin®] 8+t A& 208 dFit3sto] A A LEFFA R 2!
HE garglo] HolX e Aoz Hol gyrHoletr] Hrbi pHoll 9]¢k o



il
A\
ok

4 Astz ®HArh mgk dAd 75 A mE @7 w9 pH 3
A3y 640~6.89= &

Kim¢| Pseudomonas aeroginosa 90-2-2205°] 3t H o= pH 50 o]l
MAEE gto] FA kel pH 7504 e A3 &Ado] 7 =%kal pH 7.03
pH 8004 o] F2e] wro g Fol5o] pHol tidh A5 &do] 540w
F AEE B 7 Aot B AT E Kime A2 3l vla] pH 6.0~7.0
7hA Wl A we Rl o] pHollAd A3 &Aool 12 Zox Uewow, o=

©A%e) pHE 448 o shgAsitn 2 5+ g
|

Pseudomonas putida 210257} bacteriocing A sl=t] v X E= v T o o

< ZXAE A3 Fig. 199 2okt

120 12
100 + 4 10
= 8 18 §
E <
2 %
O —
o 60 1 6 g
o N
bl c
X o
© ]
O 40 + 14 =

£
3%
20 —e&— Bacteriocin )
0 0
0 20 30 40 50
Temperature(C)

Fig. 19. Effects of temperature on bacteriocn production.
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FEofn) Aol B o] mlgerol 30CoA el S} bacteriocin® i A
o] 7} =ttt 37CAAE A5 Fddo] FastA veErston, 50T ol
A e o] AL AeHA] kTt

th. Pseudomonas putida®l &21°] w& it &4

wlokA 7hol] w2 A 2T bacteriocin AA AEE 2AME7] 98 WMoz gx
Z& A wA] =2 wio] spectrophotometerE o]£ ¢ glo] AAF =HA

He A& Th
Fig. 203} #o] 33A17F vl & bacteriocin®] &+ &AJo] 7 E=okom, 2447

WeF F wte] Aol Fdh
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Fig. 20. Growth of Pseudomonas putida 21025 and production of bacteriocin.
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Kim, Yoo, Paik 59 1749 FA] #FES TSB £ MRS HAA oA uj
GAl 12~24417F ool bacteriocing At AT EA 7 wjA A= 33
AlZE vlF F bacteriocing A 8FA 2.1 36A17F ©]F bacteriocin®] &4 e] Wko

= As B T AU AHA wg @A AR Al 48AIF o] F9
bacteriocin<- L A wk g &7 ARE Al 33A17F ©] % bacteriocing
AT ol EAA <ol Sl ol AHsty] g gAY dAadsol

AR o] §E = SEsb me]7] wEoleha Azt

2 743}

et =%, pH, F71-& vl et g

Agtet wFdel A= T EAQ bacteriocin®] Dol tidk S AL
oA Alzrel]l w2 E AL ZAHIAC Fig. 213 2ol A
5C, 30T, 40Tl = F8atAIL 50T ~70Coll A= 1A X<t
Fdo]  va "olxoen 90T oAM= ZAol  dEuA @ddth

Activity(2 " AU/ml)

0 10 20 30 40 50 60 70

Time(min)
—6—25 —o—30 —=—40 —@—50 —%—60
—B8—70 ——80 —A—90 —%—100 —E— 121

Fig. 21. Heat stability of bacteriocin.
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Paik 59 AT A %X bacteriocin® A o] 40CoAE et 40T o] A5

= Aol ZHAs= Ao 2 yehyth 23y Hyronimuse ATolA= Z+z+9

Al 60T7EA EAdol LASA WEbste 3 25T A 9

2 2
YA X @A mEA A2 A 2EE aesy dsgion of &=
s

At kel pHol ek bgAdes zAMeH7] flste]l pHZF 44 vE &ds A

7kskol 4CellA 3A13E AAsto] &t GAd& 547 23 Fig. 229 2ol YebR

INZE A Aol &2do] Hdsht & A% Al pH 3~5014 &Ado] Eo
5

A= AE =& F ATk a2y @4o] & Fow "ol AL ol E pHel
gk Jake AA BA] e Ao HRAth §XA gwd s F&3 A5 pH 9=
%438 74$ bacteriocindl & 9GS FA &S AoE @l
12
£
~
)
<
Q
>
=
© L
2 4
2 [
0
control 3 4 5 6 7 8 9
—&— 1hr
—— 2hr
—&— 3hr

pH

Fig. 22. pH stability of bacteriocin.
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3) &l wigh kA

Atgt vjEel Gufol wigh kAP S FAbsty] 918t 2442k &wlE heko]
4T A 3AZE Adste] Fddde 583 23 Fig. 233 #Zeo] veut. 4k
I dego e Y EFdY FEZXEAAAE 40 A 25N
Gl FEA] o] &HE 10% olerEd hHE Fow WAt Pak 5O
Bacillus sp.o1~ A% bacteriocindll t)dt Aol A= EFdloA] <tAstH o}
E gujo A o] A%ty HaFH 2, Hyronimus® A= ZE &0

of ot43 Ao T W}

12
10
~ 8
e
S~
)
<
o 6
o
—
=
=
o 4
<
2
0
o\ S o\ o\ e (¢ (¢ (<]
o™ \g\e*a(\e gne® \]\e\“ao XO\“Q(\GY\\O‘O&OGY\\O‘&O Nﬁ\o“
\l\ex\\\l\
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Fig. 23. Effects of solvents on stability of bacteriocin.

n}. Bacteriocin® SDS—polyacrylamide gel #7195
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e xe

F-EAA G bacteriocin® %= B EAFS FAFs7] Sl AlRE A7]GE6
ot A A Fig. 249F Zo] ¢ 216 kDaz® Z& Ex#S yelido. o]
Pseudomonas sp.”7} A733l= bacteriocing FAg A3 Ohkawaso] Hil
pyocin S29] #AF 12 kDa, Sano%©] H.i%k pyocin AP419] ¥4 9 kDaX
o £ 216 kDa2 FAZAEAJY. 28y Ito9t Kim 52 pyocing EA#S Z+z)
100 kDa, 180 kDa®= Athdt ZAp= Hisgich

O

}

Off

¢

Myosin — 198KDa
B-Galactosidase — 115KDa
BSA - 93KDa

Ovalbumin — 49.8KDa

Carbonic anhydrase — 35.8KDa
Soybean trypsin inhibitor — 29.2KDa

Lysozyme — 21.3KDa
Aprotinin — 6.4KDa

Fig. 24. SDS-PAGE of partially purified bacteriocin for determination of

molecular weight.

v}, Bacteriocin®l|] &]3F ©2|7 YA ] AFA &4

9A% 2YA] AL 2AE] Askel AA @I AFAFAE Hohstel A
FET BAY YRS w7 s ofvlne] AAFFS =Yl Fig. 2500

Ve At 10% bacteriocing H 713 ZE A= 8 RE olnH A AE o)
S7betAl @okem, 5% bacteriocin® 12U A H-H ofvkmd] Aago] FrtehA]
&ttt E3 bactericone H7FeHA] &S ZHE A= 10% bacteriocing 73 =

Aol vla] 209 A& Al, WOmg% 57Hs HEFHATH
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Fig. 26. Effect of bacteriocin—containg films on the bacterial growth in

wrapped ham during storage.
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Fig. 28. Changes in pH of coated rices during storages.
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Shibuya et al.(1974) 7| s}7} g whe} pH7F 7HaskH o= Awhe] 7}

TR el AEE FElAgate] dFFoletal shgla Huk o] pHeE FHW §

= 4 Alek 5 A F7F vlzste] Aol whE pH W3k glithal ®als)
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Fig. 29. Changes in peroxide values of coated rices during storages.
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Fig. 30. Changes in acid values of coated rices during storages.
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Fig. 31. Changes in water binding capacities of coated rices during storages.
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Table 8. Changes in gel consistencies by coating times and storage periods

Gel consistency (cm)
Coating Storage period (weeks)
times 0 2 4 6 ]
Control 5.34 5.3 4.2 4.69 4.32
13] 5.34 5.3 4.9 4.57 4.3
23] 5.34 5.32 5.03 4.71 4.3
33] 5.34 5.32 5.11 4.96 4.77
43] 5.34 5.32 5.23 5.15 5.01
53] 5.34 5.34 5.32 5.32 5.28
Isoflavone 5.34 5.34 5.32 5.3 5.3
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& 2 B o] ofd g FheEd w7 Jlew oot
&2 amylopectin® A}y A#AAAIE JE Aoz Hugk b oy Ed
A S5(1988)2 gel9] 37+ Zol7F 61~100mm™ soft, 41 ~60mm™ medium, 26
%3t ol Asgk(soft) o] Hiute] o] Frbal H

al

e v gu E AW 2w A7 71ke] Aoldss 58 $PAel Fashd
o
=

N,

oX

1o

24
o
rlr

°

R0
()
o

[e)
¢ v aed, BE AR 8F A% V%
—?5}% medium S 2 EF{F% 7] Wi whuke] 7t

3

ol wla) @A T mE e

=4

i

¢

N
fr
iy
N
ooo&
o
Y
[
frt
i
g
N
iu
rﬂ
fu)
BN

_78_



A}l Amylographell €]t 2 A& 5354
Brabender/Visco/Amylographyell | ¥ &y} 3" elx] & #o] 53
e 2238 A3E Table 99F 29k, 33704 €%+= A %7} 10 Brabender

Unit(B.U.)oll =d3dt= =2 e AT

Table 9. Pasting properties of coated and stored rice

Non-coated rice Coated rice
Storage period (week) 8 8
Initial pasting temp. (C) 71 68
Peak (B.U.) 340 135
At 95T (B.U.) 120 40
(AB‘EIEJ)E;C after 15 min of stirring 360 140
At 50C (B.U.) 760 460
Consistency (B.U.) 400 320
Breakdown (B.U.) -20 -5
Set back (B.U.) 420 325
SR A sagetA] g o] TsUiA 2k ZhZE 68T e 71Tl e H
3 FEE 135 B.U.9F 340 B.U.olIth 29k 1A =1(1990) e <of3tH dn] <}

f)
Wul o] F3/RAl ke A W ¥WItE B 5 e, Hiu Axe A%
717bell whel Frhstivkal Bastlvh A T 53 deo SrtEde 2]
ol #AGe] Ueues ddoz dyA Atk 28y Indudhara Swamys
(1978)2 ®l o} WnlE 3WzF AFsIAS W, A5 6717+ A A=7t S7F
st oy 1 Foll= AlE Atk sSATh Al (1985 % 35T Ags &

=
o AglE Ax AEE FARdvn sdt @ 5191 1T A% F
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Table 10. Changes in colors by coating times and storage periods

52113; S(\t;);:}%)e Control 1 2 3 4 5 Isoflavone
0 64.67 58.76 59.76 59.63 59.71 59.45 59.49
2 64.50 59.42 59.79 59.82 59.62 59.08 58.97
L 4 65.06 60.01 60.00 60.59 59.46 58.87 58.97
6 64.16 62.26 61.23 58.59 58.75 59.25 59.20
8 63.52 63.37 57.70 60.82 58.46 59.50 59.55
0 +3.58 +3.85 +4.57 +4.39 +4.73 +4.54 +4.36
2 +3.61 +3.93 +4.48 +4.38 +4.59 +4.45 +4.49
a 4 +3.67 +4.22 +4.22 +3.89 +4.34 +4.06 +4.08
6 +3.51 +4.09 +4.06 +4.56 +4.37 +3.95 +3.96
8 +3.64 +3.65 +4.52 +4.21 +4.46 +4.00 +3.99
0 +16.05 +15.91 +16.44 +16.57 +16.17 +16.21 +16.20
2 +16.14 +15.78 +16.40 +16.51 +16.12 +16.04 +16.07
b 4 +16.26 +13.32 +15.64 +16.92 +16.05 +16.00 +15.91
6 +16.05 +16.58 +16.22 +13.64 +14.44 +15.90 +15.86
8 +16.05 +15.84 +16.38 +15.78 +14.35 +15.98 +15.93
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Table 11. Textural properties of coated rices

Cgif:;g Hardness | Cohesiveness | Springness | Gumminess | Chewiness | Adhesiveness

Control 1.4730 0.0291 2.9380 0.0429 0.1260 -0.0294
1 1.5252 0.0218 3.0607 0.0423 0.1296 -0.0223
2 1.8703 0.0210 2.6901 0.0393 0.1057 -0.0062
3 1.7751 0.0230 3.0915 0.0408 0.1261 -0.0119
4 1.5019 0.0239 2.7620 0.0359 0.0992 0.0204
5 1.3698 0.0189 2.1177 0.0258 0.0547 0.0016

Isoflavone | 0.96975 0.0263 2.4990 0.0255 0.0638 0.0015

v 53] "W Aa FiksiAlE Wi 53] sk o] dixTtol HE| v
FAE AN, SHAE ol Hla 2Ed & ARV e ghs Bt E
g A= dxz77t 7P =, 2" sleTt S4Ees A gAsidd
53153 z¥g Aa FAstAE ¥ 53] :Hg 2o Aol tixte] HlF
2R stkeon, AHIAAE PN 22 F¥Fe dEldY HHAAALS dEz o 2
g 33 7HA= w9 @S Hou A" 43] ool = FERAO e Aem

Hizukuri 5(1989)2 #o] ot =ZHAel F 247t AS-5E Ao i »w3F%
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Table 12. Sensory properties of coated rices

o
o

ot ek

)
o
ox

ind g

0

Control 514+0.50 | 6.36%0.32 | 4.14£0.40 | 4.93+£0.40 | 7.29+0.34 5.21+0.59

1 4.29+0.51 5.71+0.53 | 5.07+0.64 | 4.86£0.40 [ 6.43+0.48 5.64+0.60
2 493047 | 579+0.54 | 4.43+0.64 | 5.76+0.39 | 5.57+0.44 5.93£0.43
3 4.50£0.60 | 5.00+0.61 | 5.43+0.40 | 5.07£0.37 | 6.57+0.29 5.43+0.42
4 5.36£0.49 | 457+0.47 | 4.86+0.33 | 5.64£0.50 | 5.50+0.44 5.00+0.50

4.86£0.57 | 3.86+0.47 | 4.50+0.63 | 6.21£0.50 | 5.71+0.53 5.50+0.54

ol

Isoflavone | 4.64+0.49 | 3.93+0.32 | 4.21£054 | 550+0.29 | 4.50+0.40 4.36+0.43

) Eu e} ] u} o - AaXe) ARt 3|
%@ﬁj l?_: (j Q]j‘\LJ_' D;H ] ——/_‘_}—'] —J—;:Zﬂ'] %_]_j\__ bl
4 4 4 4 4

Control | 443050 | 4.21£0.54 | 5.21£0.37 | 5.21+0.37 | 4.64+0.37 | 4.50+0.48 | 4.50+0.44

1 5.07+0.64 | 3.79£0.56 | 4.50£0.47 | 5.86£0.31 | 4.43+0.40 | 4.57+0.45 | 4.36+0.41
2 5.29£0.47 | 5.14£0.55 | 550£0.40 | 6.36+0.46 | 5.14+0.39 | 5.14+0.47 | 5.07+0.50
3 507051 | 443054 | 6.14+0.31 | 543+0.51 | 5.43+0.44 | 5.29+0.46 | 5.21+0.46
4 5.00+0.52 | 4.57+044 | 5.86+0.42 | 4.79+0.33 | 5.14+0.42 | 5.36+0.46 | 5.21+0.35
5 5.93+0.53 | 5.93£0.50 [ 5.14+0.46 | 6.21£0.39 | 5.93+0.45 | 5.93+0.58 | 6.00+0.47

Isoflavone | 5.79+0.39 | 5.29£0.41 | 5.76£0.49 | 550+0.43 | 5.50+£0.48 | 5.29+0.46 | 5.43+0.43
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